The pathogenesis of primary biliary cirrhosis (PBC) remains enigmatic. In order to address this issue, we analyzed by laser capture microdissection and real-time reverse transcription-polymerase chain reaction the site-specific expression of messenger RNA (mRNA) for cytokines (interferon (IFN)-a, -b, -c, interleukin (IL)-1b, -4, -6, -10, -12p40, -18, tumor necrosis factor-a) and toll-like receptors (TLRs) (TLR-2, -3, -4, -7, -9) in portal tract and liver parenchyma from patients with early-stage PBC. Expression of IFN-a, -b and TLR-3 proteins was also studied by immunohistochemistry. Autoimmune hepatitis (AIH) and chronic hepatitis C (CHC) served as disease controls. The expression levels of type I IFN (IFN-a, -b) and TLR-3 mRNAs, which are known to induce type I IFN, were significantly higher in portal tract and liver parenchyma as compared to AIH and CHC. A strong positive correlation between the mRNA levels of type I IFN and TLR-3 was also seen in both areas. Immunohistologically, IFN-a is present in the mononuclear cells in portal tract and sinusoidal cells. Macrophages in portal tract and hepatocytes expressed IFN-b and TLR-3. Furthermore, the level of IFN-a mRNA in the portal tract was positively correlated with serum alkaline phosphatase. In conclusion, these data indicate that TLR-3 and type I IFN signaling pathways are active in both the portal tract and liver parenchyma of early-stage PBC, and form the basis for our hypothesis that these signaling pathways are involved in the pathophysiology of PBC. Laboratory Investigation (2005) 85, 908-920.
Primary biliary cirrhosis (PBC) is a chronic cholestatic liver disease characterized by the destruction of intrahepatic bile ducts by autoimmune mechanisms. Since cytokines are pivotal factors regulating the inflammatory responses prevalent in many autoimmune disorders, the roles of cytokines have been previously investigated in the pathogenesis of PBC. [1] [2] [3] [4] [5] [6] [7] Despite these inquiries, the significance of each cytokine in the microenvironment of the liver remains elusive. Furthermore, several reports suggest that infectious agents may also be involved in the pathogenesis of PBC. [8] [9] [10] [11] [12] [13] Toll-like receptors (TLRs) play a crucial role in various inflammatory diseases. Among the 10 members of the TLR family reported in humans, each receptor recognizes different pathogens. 14, 15 TLRs act not only on innate immunity, but also on adaptive immunity via maturation of dendritic cells (DCs), and induction of a Th1 cell response. 14 Furthermore, various cell types outside those directly involved in immune responses, including vascular endothelial cells, adipocytes, cardiac myocytes and intestinal epithelial cells, also are known to express TLRs to varying degrees. 14 However, the role of TLRs in the pathogenesis of PBC has not been previously reported.
In addition to TLRs, type I interferon (IFN) also plays an important role in both innate and adaptive immunity. 16, 17 Type I IFN induces maturation of DCs to enhance antigen presentation, 18 acts on T cells to drive Th1 cell differentiation, activates B cells and induces antibody production, 19, 20 and maintains survival of memory CD8 þ T cells. 21 Type I IFN is induced by stimulation of TLR-3, -4, -7 and -9, 14 and type I IFN plays an important role in the pathogenesis of autoimmunity, especially in systemic lupus erythematosus and rheumatoid arthritis. [22] [23] [24] In this study, we analyzed the pathophysiology of PBC by investigating the expression levels of messenger RNAs (mRNA) encoding various cytokines and TLRs using quantitative real-time reversetranscription polymerase chain reaction (RT-PCR). Laser capture microdissection (LCM) enabled us to collect tissue samples from distinct areas of the liver, specifically portal tract and liver parenchyma. Our results clearly demonstrate that steady-state mRNA levels for IFN-a, -b and TLRs, particularly TLR-3, were upregulated in both the portal tract and liver parenchyma of PBC. Furthermore, we observed a strong positive correlation between steady-state levels of mRNAs for type I IFN (IFN-a, -b) and TLR-3. These data are the first to demonstrate the activation of TLRs-type I IFN signaling specifically in PBC-diseased liver samples, and strongly suggest a role for these cytokines in the pathophysiology of early-stage (stage 1, 2) PBC.
Materials and methods

Clinical Specimens
Specimens of liver tissue collected by needle biopsy from nine patients with early stage (stage 1, 2) of PBC and seven disease controls, including four autoimmune hepatitis (AIH) who were not under prednisolone treatment and three chronic hepatitis C (CHC) who were not under IFN therapy, were examined (Table 1) . Written informed consent was obtained from each patient and the study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the local ethics committee. The diagnosis of PBC was made on the basis of clinical and biochemical features, and diagnostic or compatible histological changes seen upon liver biopsy. 25 In all PBC patients, antimitochondrial antibodies (AMA) were detected by indirect immunofluorescence. AIH was diagnosed according to the criteria established for this disease, 26, 27 and CHC was diagnosed by positive serum hepatitis C virus-RNA with sustained liver injury. Each liver biopsy specimen was divided into two parts: The first part (more than 20 mm) was directly fixed in 10% formaldehyde and embedded in paraffin wax for histological diagnosis and immunohistochemistry. The second part (approximately 5-10 mm) was embedded in Tissue-Tek OCT compound (Sakura Finetek USA, Torrance, CA, USA), immediately frozen in liquid nitrogen and stored at À801C until use. Histological features of the paraffin sections were graded by two observers (MI and YT) as follows: fibrosis, 0-4 (0, absent; 1, portal fibrosis; 2, bridging fibrosis; 3, bridging fibrosis with lobular distortion; 4, cirrhosis), and activity, 0-3 (0, none to minimal; 1, mild; 2, moderate; 3, severe). PBC specimens were also evaluated by Scheuer's classification: 28 stage 1, florid duct lesion; stage 2, destruction of limiting plate with piecemeal necrosis or ductular proliferlation; stage 3, presence of fibrous septa which is called scarring; stage 4, cirrhosis.
Tissue Preparation
Under RNase-free conditions, 8 mm frozen sections were cut with a cryostat (CM 1900, Leica, Germany) at À201C using a clean disposable blade for each tissue block. The sections were mounted on RNasefree uncoated glass slides (Arcturus Engineering, Mountain View, CA, USA) and were immediately fixed in 75% ethanol for 30 s, and washed with RNase-free water for 30 s. The specimens were stained with Mayer's hematoxylin including 1 U/ml of RNase inhibitor (Takara, Shiga, Japan) for 30 s, rinsed in RNase-free water for 30 s, stained with 25% pure eosin diluted with 95% ethanol (including 1 U/ml of RNase inhibitor) for 20 s. Dehydration was completed by rinsing the slides for 30 s, once in 75% ethanol, 95% ethanol, twice in 100% ethanol, and for 3 min twice in xylene. The slides were air dried for 5 min, a Prepstrip (Arcturus) was placed on the slide to flatten the tissue and remove nonadhering cellular fragments prior to LCM, and the slide was immediately used for LCM.
Sampling of Portal Tract and Liver Parenchyma by LCM
LCM was performed using AutoPix (Arcturus). Portal tract and liver parenchyma on the section was separately captured onto CapSure HS LCM Caps (Arcturus) (Figure 1 ). The nine serial sections of the same portal tract and liver parenchyma were captured by LCM. Histological features of the captured portal tract were graded as follows (Table  1) : portal and periportal inflammation, 0-3 (0, normal; 1, mild: cell infiltration in less than 1/3 of the portal tract; 2, moderate: cell infiltration in 1/3 to 2/3 of the portal tract; 3, severe: cell infiltration more than 2/3 of the portal tract); piecemeal necrosis, 0-3 (0, absent; 1, mild: destruction for less than 1/3 girth of limiting plate; 2, moderate: destruction for 1/3 to 2/3 girth of limiting plate; 3, severe: more than 2/3 girth of limiting plate was destructed).
The number of bile ducts, the presence of chronic nonsupprative cholangitis (CNSDC) and the degree of bile duct proliferation were also evaluated in each captured portal tract (Table 1) . To evaluate these variables, immunohistochemical staining for cytokeratin 19 (DAKO Japan, Kyoto, Japan) was performed by a standardized two-step method with ENVISION þ (DAKO) using the same frozen sections used for LCM. The bile duct proliferation was graded 0-3: 0, absent; 1, mild; 2, moderate; 3, severe.
RNA Purification and Reverse Transcription
Total RNA was extracted from each LCM sample and the RNA samples extracted from the same area were pooled and purified to a final volume of 11 ml using the PicoPure RNA Isolation Kit (Arcturus). Singlestranded complementary DNA (cDNA) synthesis from 8 ml of total RNA was performed using the SuperScript First-Strand Synthesis System (Invitrogen, Carlsbad, CA, USA) and a final volume of 20 ml, cDNA was stored at À201C until use.
Real-Time PCR and Comparative Quantitation Analysis
Steady-state mRNA levels were measured by realtime quantitative RT-PCR using the Light Cycler system (Roche Diagnostics, Mannheim, Germany) with LightCycler-DNA master SYBRGreen I (Roche Diagnostics). Each PCR reaction mixture contained 10 ml of a 10-fold dilution of cDNA template in water, 2 ml of SYBRGreen I, 2 ml of LightCyclerPrimer Set and 6 ml of water in a total volume of 20 ml. After an initial denaturation at 951C for 10 min, PCR was performed for 45 cycles (951C for 10 s, 681C for 10 s, 721C for 16 s). Both a melting curve analysis and gel migration analysis were F  3  3  19  3  3  3  3  20  1  2  3  3  11  74  F  4  3  21  2  2  0  0  22  3  3  1  2  12  56  F  2  2  23  2  2  1  1  24  2  3  1  2  25  2  2  3  2  26  2  2  1  0  13  46  F  2  3  27  3  3  1  2  28  2  3  1  2  29  3  3  2  2  30  3  3  1  2   CHC  14  60  F  1  1  31  2  1  2  0  32  3  1  1  2  15  42  M  1  1  33  2  0  2  0  16  64  M  1  2  34  2  2  1  0  35  2  1  1  0  36  1  1  1  0 CNSDC, chronic nonsuppurative destructive cholangitis. Each portal tract which was captured by LCM was evaluated for the degree of portal inflammation a , piecemeal necrosis b and bile duct proliferation c as follows. a 0, normal; 1, mild; 2, moderate; 3, severe. b 0, none; 1, mild; 2, moderate; 3, severe. c 0, none; 1, mild; 2, moderate; 3, severe.
Type I interferon in primary biliary cirrhosis Y Takii et al included in the experiments to verify the absence of nonspecific products such as primer-dimers. The LightCycler-primer set for GAPDH, IFN-a, -b, -g, interleukin (IL)-1b, -4, -6, -10, -12p40, -18, tumor necrosis factor-a (TNF-a), TLR-2, -3, -4, -7 and -9 were purchased from Roche Diagnostics. Results are expressed as the ratio of each cytokine cDNA concentration relative to the concentration of GAPDH cDNA in the same sample. The cDNA concentration of GAPDH, a 'housekeeping' gene with relatively constant mRNA expression levels, was used to normalize samples for the amount of total cDNA amplified in each PCR reaction.
Immunohistochemistry
For immunohistochemical analysis of IFN-a, -b and TLR-3, formalin-fixed paraffin-embedded tissue blocks of PBC were cut into 4-mm thick sections. The sections were deparaffinized in xylene and subsequently rehydrated in sequential ethanols (100-70%). After washing three times with 10 mM phosphate-buffered saline (PBS) (pH 7.4), antigen retrieval was performed as follows: IFN-a, heated at 1211C by autoclave for 15 min; IFN-b and TLR-3, heated by microwave at 951C for 15 min, then washed twice in PBS for 5 min. The sections were treated with peroxidase blocking solution (DAKO Japan, Kyoto, Japan) for 5 min, and incubated with each primary antibody for 60 min at room temperature. The primary antibodies used were a 1:50 dilution of anti-IFN-a rabbit polyclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA), a 1:100 dilution of anti-IFN-b mouse monoclonal antibody (PBL Biomedical Laboratories, Piscataway, NJ, USA) and a 1:50 dilution of anti-TLR-3 goat polyclonal antibody (Santa Cruz Biotechnology). A standardized two-step method with ENVISION þ (DAKO) was used for IFN-a and IFN-b antibody detection, whereas detection of TLR-3 antibodies required formation of streptavidin-biotin-peroxidase complexes using the Histofine SAB-PO (G) kit for goat primary antibodies (Nichirei, Tokyo, Japan) and 10% normal rabbit serum for protein blocking. The reaction products were visualized using 3,3 0 -diaminobenzidine as a chromogen (DAKO), and counterstained with Mayer's hematoxylin (DAKO). Negative controls were prepared identically except for omission of all primary antibodies.
Statistical Analysis
Data were expressed as the mean7s.d. of the target cytokines or TLR mRNA concentration relative to the concentration of GAPDH mRNA in each sample. Mean values were compared using the Welch's t test. Correlation significance was assessed using Pearson's correlation coefficient test and Spearman's rank test for nonparametric data. Po0.05 was considered significant. All statistical calculations were performed using Statcel2 (OMS, Saitama, Japan).
Results
Expression of Cytokine mRNAs in the Portal Tract
The numbers of portal tract samples captured from PBC-, AIH-and CHC-diseased liver specimens were 18, 12 and 6, respectively ( Table 1 ). The steady-state 
Expression of Cytokine mRNAs in the Liver Parenchyma
One area of liver parenchyma was captured from each section by LCM. In order to avoid the influence of inflammatory cells, the captured liver parenchyma was intentionally avoided from contamination of focal necrosis, indicating that the mRNAs from liver parenchyma were primarily derived from hepatocytes and sinusoidal cells (Kupffer cells, sinusoidal endothelial cells, hepatic stellate cells). The number of parenchyma captured from the specimens of PBC-, AIH-and CHC-diseased livers were 9, 4 and 3, respectively. Type I IFN (IFN-a, IFN-b ) mRNAs were present in most of the liver parenchyma samples (Figure 2b ), whereas mRNAs of other cytokines were not detected.
Although the quantities of IFN-a and IFN-b mRNAs from liver parenchyma samples were two to five times less than portal tract samples, the expression patterns of these mRNAs between PBC-, AIH-and CHC-diseased livers were similar to portal tract samples. In PBC parenchyma samples, the 
Expression of TLR mRNAs in the Liver
Expression of TLR-2, -3, -4, -7, -9 mRNAs in portal tract ( Figure 2c ) and liver parenchyma ( Figure 2d) were measured by real-time PCR from prepared cDNA samples. All TLR mRNAs were detected in both areas with the expression in portal tract two-to 18-fold higher than in liver parenchyma.
In the portal tract, TLR-3 mRNA levels were significantly higher in PBC (0.06470.057) relative to AIH (0.03170.018, Po0.05) or CHC (0.0307 0.014, Po0.05) samples (Figure 2c) . The expression of TLR-9 was also significantly higher in PBC compared to AIH (0.02170.019 vs 0.0097 0.011, Po0.05) samples (Figure 2c ). In the liver parenchyma, TLR-3 mRNA abundance was significantly higher in PBC than in AIH samples (0.0237 0.017 vs 0.00470.002, Po0.05) (Figure 2d ), as are TLR-4 and TLR-7 mRNA levels (0.13070.082 vs 0.03270.015, Po0.01; 0.03270.021 vs 0.0107 0.007, Po0.05, respectively) (Figure 2d ).
Positive Correlation between mRNA of Type I IFN and TLR-3 in the Liver
Steady-state levels of type I IFN and TLR-3 mRNAs from PBC samples were higher than in other liver diseases in both portal tract and liver parenchyma 
Localization of TLR-3, IFN-a and IFN-b in PBC-Diseased Liver Biopsies
To identify the location of IFN-a, IFN-b and TLR-3 proteins in PBC-diseased liver, immunohistochemical analysis was performed on nine paraffinembedded samples of tissue derived from the same PBC patient's biopsies used for LCM. IFN-a was detected in a number of mononuclear cells (including lymphocytes and plasma cells) and some injured biliary epithelial cells in florid duct lesions of the PBC samples (Figure 4a ). Macrophages in portal tract were frequently positive for IFN-a (Figure 4b) . In liver parenchyma, IFN-a was mainly detected in Kupffer cells (Figure 4c ), and not in hepatocytes. Occasionally, some vessels in portal tract and in periportal area showed IFN-a expression ( Figure  4d ). IFN-b was detected in macrophages of the portal tract (Figure 4e) . In contrast to IFN-a, the expression of IFN-b in PBC-diseased liver parenchyma was restricted to a diffuse cytoplasmic staining pattern in hepatocytes, whereas sinusoidal cells showed no expression (Figure 4f ). TLR-3 was expressed in portal tract macrophages (Figure 5a) , and infrequently in plasma cells (Figure 5b ). As with IFN-b, TLR-3 was only detected in hepatocytes from liver parenchyma (Figure 5c ).
Cytokines and TLRs were not Related to the Pathological Features of the Portal Tract
Prior to LCM procedure, each portal tract was evaluated for pathological features, based on the (Table 1) . We then studied whether expression levels of cytokines or TLRs correlated with these pathological variables. There was no positive correlation between mRNAs of cytokines or TLRs and any pathological variables in the captured portal taracts.
Correlation Between Type I IFN in the Liver and Clinical Parameters
To investigate the role of localized type I IFN production on the PBC pathophysiology, we looked for significant correlations between steady-state levels of type I IFN or TLR-3 mRNA in the liver and clinical parameters in the sera at the time of liver biopsy. These included alanine aminotransferase (ALT), alkaline phosphatase (ALP), AMA and IgM (Table 2) . When there were more than two portal tracts captured from the same biopsy specimen, the mean value of IFN-a, -b and TLR-3 mRNA were calculated as a representative value for each specimen (Table 2) . A significant positive correlation was only seen between IFN-a mRNA in the portal tract and ALP in the sera (r ¼ 0.75, n ¼ 9, Po0.05) in PBC ( Figure 6 ).
Discussion
We used LCM for isolating portal tract and liver parenchyma from frozen sections of liver needle biopsies. This technique pinpointed the target sites for specimen collection and allowed us to investigate the gene expression of cytokines and TLRs in each specific liver area. Although several studies have analyzed cytokine expression in liver of PBC patients, [1] [2] [3] [4] [5] [6] [7] this is the first study to measure the steady-state expression levels of cytokines and TLRs in early stages of PBC within separate liver microenvironments of the portal tract and liver parenchyma.
Th1 cells are important for the pathogenesis of various autoimmune diseases, 29 whereas Th2 cells contribute to allergic diseases. 30 According to several previous reports, in the liver of PBC, Th1 was found to be dominant [3] [4] [5] 31 or present in combination with Th2. 32 The cytokines IFN-g and IL-4, IL-6 or IL-10 are hallmarks of Th1 and Th2, respectively. Since our PCR analyses detected only low levels of IL-10 mRNA, and no IL-4 mRNA in PBC portal tract samples, we measured the relative abundance of IFN-g to IL-6 mRNA to infer the relative ratio of Th1 to Th2 balance. Quantitative PCR analyses demonstrated that Th1 cytokines predominated in PBC portal tract, although heterogeneity with Th2 cytokines was also present (data not shown). either AIH or CHC patients, and 10-fold higher in PBC-diseased liver parenchyma than in AIH-diseased parenchyma. In PBC-diseased portal tract and parenchyma, the relative abundance of IFN-b mRNA was three-to four-fold higher than in samples from AIH patients. Since type I IFNs are cytokines induced by viral infection or double-stranded RNA (dsRNA), 33, 34 it is possible that as yet undefined viral or bacterial microbial agents may be involved in PBC pathogenesis. Several reports suggest a possible link between infectious agents and PBC. Shimoda et al 8, 9 reported 'molecular mimicry', in which T cells reactive to mitochondrial antigens such as the E2 component of pyruvate dehydrogenase complex crossreacted with enterobacterial antigens. In other reports, Escherichia coli urinary tract infection has been associated with PBC. 10, 11 Harada et al 12 noted the presence of 16S ribosomal RNA from Propionibacterium acnes in PBC granuloma, and Xu et al 13 recently cloned the proviral genome from beta-retrovirus from the perihepatic lymph nodes of PBC patients. The sum of these results suggests the involvement of either bacterial or viral agents in the pathogenesis of PBC.
To investigate why type I IFN mRNAs are elevated in PBC, we examined the steady-state levels of TLR mRNAs in both portal tract and liver parenchyma. By recognizing structurally conserved bacterial and viral components, TLRs constitute the first step in innate immunity.
14 TLRs also play an important role in the induction of acquired immunity by driving Th1 cell response.
14 Recent evidence indicates that type I IFN is induced by the signaling of TLR-3 (a receptor for dsRNA and polyriboinosinic polyribocytidylic acid (poly I:C)), TLR-4 (a receptor for lipopolysaccharide (LPS)), TLR-7 (a receptor for single-stranded RNA) and TLR-9 (a receptor for CpG DNA) in macrophage and DCs. 14, [35] [36] [37] Our data indicate that steady-state levels of TLR-3 and TLR-9 mRNAs are higher in the portal tract of PBC liver samples than in samples from AIH and CHC patients (Figure 2c ), while TLR-3, -4 and -7 mRNA levels were higher in the PBC liver parenchyma than in AIH and CHC (Figure 2d ). In both portal tract and liver parenchyma, there was a strong positive correlation between steady-state mRNA levels of TLR-3 and type I IFN (Figure 3) . These results are consistent with the positive feedback observed in macrophages, DCs and monocytes in vitro, where stimulation of TLR3 by ligand activates type I IFN, which in turn induces the expression of TLR-3 mRNA. 36, [38] [39] [40] Our immunohistochemical analyses showed that TLR-3 and IFN-b localize primarily to portal tract macrophages and hepatocytes, whereas IFN-a was detected primarily in inflammatory cells (plasma cells, lymphocytes, macrophages) in the portal tract and in Kupffer cells. These data are consistent with previous studies of IFN-a localization in liver biopsies from patients with viral hepatitis, [41] [42] [43] [44] [45] [46] in which Kupffer cells, lymphocytes and macrophages showed IFN-a positive staining. While hepatocytes have also been previously reported to express IFNa 41, [43] [44] [45] in chronic viral hepatitis, the expression of IFN-b in hepatocytes has not been demonstrated by Type I interferon in primary biliary cirrhosis Y Takii et al immunohistochemistry in vivo. Only a few report is available concerning the mRNA expression of IFN-b in hepatocytes in vivo or hepatocyte cell lines in vitro. 47, 48 Therefore, the expression of IFN-b in hepatocytes at a protein level is, to our knowledge, the first definite demonstration by immunohistochemistry. The role of IFN-b signaling pathway via TLRs is now under investigation using primary human hepatocytes and ligands for TLRs including poly I:C and LPS.
Since we observed an overlap in the pattern of immunohistochemical staining for TLR-3 and IFN-b in portal tract macrophages and in liver parenchyma hepatocytes, we hypothesize that the presumed stimulation of IFN-b production by TLR-3 occurs in these cells. TLR-3 stimulation of IFN-a production may depend on macrophages that express both TLR-3 and IFN-a in the portal tract, even though TLR-3 was not detected in many IFN-a-producing cells (mononuclear cells). In the case of liver parenchyma, the highly positive correlation between TLR-3 and IFN-a appears to depend on TLR-3 expressed in hepatocytes and IFN-a expressed in sinusoidal cells. In this study, steady-state levels of TLR-4, -7 and -9 mRNA were higher in PBC than in other liver diseases, suggesting that, in addition to TLR-3, signaling via these TLRs may also contribute to the production of type I IFN. Numerous other reports also suggest coupling of TLR and type I IFN activities: TLR-4, TLR-7 and TLR-9 have been reported to induce steady-state mRNA and protein levels of type I IFNs, 14, 49, 50 and type I IFNs have been reported to upregulate expression of TLR-7 and TLR-9 mRNAs. 38 We also analyzed whether expression of cytokines and TLRs correlated with pathological features of portal tracts (Table 1 ). The pathological variables including portal inflammation, piecemeal necrosis, number of bile ducts, presence of CNSDC and bile duct proliferation did not correlate with either cytokines or TLRs mRNA. On the other hand, a significant correlation was observed between IFN-a mRNA in the portal tract and serum ALP, suggesting the importance of local production of type I IFN in the pathophysiology of PBC.
Other factors that could stimulate TLRs and thereby promote type I IFN production include exogenous TLR ligands, including dsRNA, LPS, single-stranded RNA and CpG DNA, which may flow into the liver via portal blood. In fact, in chronic liver diseases such as liver cirrhosis, the upregulation of TLR-2 in the peripheral mononuclear cells was reported. 51 The liver injury mediated by TLR-4 on stellate cells was also reported. 52 In these cases, TLRs signaling is considered to be a key molecule for progression of chronic liver disease, since abundant ligands for TLRs are absorbed from the gut and flow into the liver via portal blood. Endogenous factors derived from apoptotic or necrotic cells, such as genomic or mitochondrial DNA, have been shown to induce TLRs-type I IFN signaling and lead to autoimmunity in systemic lupus erythematosus and rheumatoid arthritis. 19, 24 Similarly, Kariko et al 53 reported that stimulation of DCs by endogenous RNA from necrotic cells occurred via TLR-3 and resulted in the secretion of type I IFN in vitro. Thus, although the cause of sustained stimulation of TLR-type I IFN signaling pathways in PBC is currently unknown, our data indicate that the enhanced production of type I IFN via TLR signaling may play an important role in the sustained inflammation and autoimmunity that occurs during a dominant Th1 response, and that TLR-type I IFN signaling may be an important molecular target for future treatment of PBC.
